and the shell element model is better when a more thorough analysis is required. The results are important for practicing engineers. This work can be extended further by exploring a structured global modal analysis, for example, start with a beam model and progressing toward shell model with a decision support system. Also, vibration analysis needs to be coupled to noise prediction analysis. Furthermore, the dynamical behavior of an active drilling assembly used in the oil or gas industry needs a comprehensive research support exploring critical problems such as effects of multidirectional waves, effects of currents/ice, vortex-induced vibration, and fluid movements in the marine riser.
Structural dynamics deals with the behavior of structures subjected to dynamic (actions having high acceleration) loading. In offshore structures, the loads are dynamic in general, for example, wind, waves, earthquakes, and impacts. A dynamic load changes with time fast as compared with the structure's natural frequency. Buckling is an instability leading to a failure mode. In engineering science, the buckling is characterized by a sudden failure of a structural member subjected to high compressive stress, where the actual compressive stress at the point of failure is much less than the limit of ultimate compressive stresses for the material. Utilizing the concepts of functional analysis, the buckling is analyzed with an axial load eccentricity that introduces a moment that does not form part of the primary forces to which the member is subjected. The load is applied constantly on the member, and later it becomes large enough to cause the member to become unstable. Further load will cause significant and unpredictable deformations with a possible complete loss of load-carrying capacity. In offshore structures, the buckling can be axial, lateral, flexural, torsional, plastic, dynamic, and/or a combination of these. A particular case of interest in offshore structures is dynamic buckling of thin cylindrical geometries (i.e., pipes and shells) because of the use of cylindrical cross-sections in columns and pipes. In ''Parametric instabilities in the out-of-plane dynamics of catenaryshaped slender structures transporting fluids,'' Chatjigeorgiou reports an investigation on the out-ofplane buckling behavior of catenaries conveying fluids and with end-imposed axial excitations. The author presents a generic formulation with no restrictions in the amount of sag in the plane of reference. The presented work is impressive, and it models an equivalent system to govern the dynamics of the catenary, taking into consideration the internal flow effects arising from compressive loading and Coriolis forces. He also explores the instabilities. The reported results are of high application value, because in the design process, it is important to know the occurrences of potential instabilities and their relation with the extreme responses. This work needs to be extended to cover a wider variation in geometric cross-section shapes, material and fluid properties, end conditions, and coupled buckling phenomenon. Furthermore, the application of ''multi-scale modeling and simulation (MSM&S)'' to the problem of buckling is expected to provide new insights because buckling is a step-by-step process, and in MSM&S, the computation of structural/material properties or structure/system behavior on one level is done by using information or models from different levels. On each level, particular approaches are used for description of the system. Each level will address a phenomenon over a specific period of length and time. MSM&S is expected to play an important role in integrated computational materials engineering for offshore structures, as it allows the prediction of material properties or system behavior based on knowledge of the material structure, load history, and properties of processes.
A riser is the connection between the subsea field development and production and drilling facilities for production and/or import/export vehicles. Similar to pipelines or flowlines, risers transport produced hydrocarbons, as well as production materials such as injection fluids, control fluids, and gas lift. Normally, they are insulated to withstand seafloor temperatures and can be either rigid or flexible. A steel catenary riser uses the curve theory (catenary equation) and is used to connect the seafloor to production facilities above and to floating production platforms. The steel catenary risers are common on tension leg platforms, floating production storage and offloading systems, spars, fixed structures, compliant towers, and gravity structures. Because of the inherent curvature in the catenary equation, this riser can withstand some motion. However, excessive movement causes serious problems, and the control of excessive motion via active or passive device remains an important problem. In ''Reduced-order, nonlinear approximation of catenary riser dynamics using frequency domain identification,'' Xiros, Kazangas, and Chatjigeorgiou present an approximation to the numerical solution of the dynamic equilibrium of a catenary riser. The authors operate in the frequency domain when the structure is excited by motions applied at the top. They use nonlinear partial differential equations (PDEs) involving both geometric and hydrodynamic nonlinearities. These PDEs are used to generate spatiotemporal data series for riser bending moments induced by sinusoidal heave motions of various amplitudes and frequencies. They also identify the significant harmonics of the riser's spectrum and compute a set of orthogonal modes for all significant harmonics. The authors show that the dominant catenary riser dynamics are nonlinear exhibiting significant spectral content at odd integer harmonics up to the order of five. The results of this study can help in the design of active or passive motion control devices for catenary risers. In future, research can focus on a comprehensive study on the physical or mechanical sources of nonlinearities, viscous damping, vortex-induced vibrations, and control mechanisms and devices.
A crane vessel, crane barge/ship/offshore structure, or floating crane is a barge/ship/offshore with a crane specialized in lifting heavy loads. Normally, large crane vessels are used for offshore and ship construction, and they include mono-hull, catamaran, and semisubmersible. Their operation in ocean and the requirement to lift heavy weights demand increased stability and less motion. Also, if the crane is fixed and cannot rotate, the vessel will need to be maneuvered to place loads. Although not always, most of their applications deal with shallow depths, and hence, dynamic stability is important for the operation of the floating crane and heavy load in waves. The wind, wave, and currentinduced motions of the floating crane can cause a swing motion of the heavy load suspended by the floating crane. It is in this regard that the control of motion is important. In ''A tagline proportional-derivative control method for anti-swing motion of a heavy load suspended by a floating crane in waves,'' Ku, Cha, Roh, and Lee report on the development of a method for predicting and suppressing swing motion of a heavy load in waves. The authors use a tagline ''proportional-derivative (PD)'' control method, and the tagline mechanism is connected between the floating crane and the heavy load. They demonstrate the performance of the tagline control method using numerical simulations on a nonlinear, six-dimensional mathematical model of the floating crane and the heavy load. Although the reported results are preliminary and more experiments and simulation are needed before a design application can materialize, they show that the tagline PD control method is able to suppress the swing motion of the load. In future, the differences between the amplitude of the swing angle from the numerical simulation and the double amplitude of the swing angle from the experiments need to be investigated in detail with uncertainty and error analysis. Furthermore, in future, research can focus on proportional-integral-derivative (PID) controller with the floating crane and the heavy load as 6 degrees-of-freedom rigid bodies that can move freely in the three-dimensional space under the influence of the head/beam sea with multidirectional waves.
Vibration control is a set of technical means aimed to reduce movements in structures subjected to dynamic loads. Vibration control devices can be either passive or active or hybrid. In offshore structures, the base can have connection with the seabed as in fixed structures or little or no connection with the seabed as in floating structures. Because of this, the vibration control strategies for offshore structure show a wide variation. Once the structure is excited under a dynamic force, there exists a number of possible ways to control them: (1) the energy can be dissipated with properly engineered dampers; (2) the energy can be dispersed between a wider range of frequencies; (3) the resonant portions of the whole wave frequencies band can be absorbed with mass dampers; and (4) the energy flow can be suppressed partially or fully with isolation systems and snubbers. At present, all the mentioned choices are being investigated by researchers for vibration control of offshore structures. In ''Semiactive control of a fixed offshore jacket platform using linear quadratic LQR algorithm,'' Paul and Datta report on the semi-active control of a fixed offshore jacket platform using ''linear quadratic regulator (LQR)'' control algorithm. The authors use semi-active hydraulic dampers (SHDs), installed in the bracings of the jacket structure. The presented numerical example is of a four-legged steel jacket platform in a water depth of 183 m under two sea states. Their results show that the peak values of response quantities of interest are reduced significantly using SHDs. In general, it is difficult to find the right weighting factors in LQR and that limits the application of the LQR-based controller synthesis. In this regard, ''full state feedback (FSF)'' control can offer better application potential in vibration control devices over the use of the LQR algorithm because in FSF, there is a clearer linkage between adjusted parameters and the resulting changes in controller behavior. This needs to be explored in future. Also, although many research results are available for vibration control of offshore structures on model scale, their actual implementations on the structures have not been very successful. This is mainly because of the inherent uncertainties in marine environment, lack of robustness in design solutions, and scaling difficulties in model to structure. The research focus can be on addressing the issues related to robustness in design and uncertainties in marine environment.
Offshore pipelines are used to transport crude petroleum and refined petroleum products including fuels: oil, natural gas, and biofuels. Initially, the pipeline design is primarily dominated by the need to withstand an internal pressure. The central idea is to maximize the revenue by using higher pressure and higher flow rate in the pipelines. The diameter of the pipeline plays an important role in the design and analysis. For example, small diameter used in the local infield lines (subsea umbilicals, risers, flowlines, etc.) is resistant to hydrostatic collapse. The large diameter deep water pipeline with a high thickness needs to withstand the hydrostatic pressure and bending as it is laid on the seabed. Furthermore, the economical production of seamless pipes is difficult because of higher costs associated with manufacturing, material, and installation. In ''Deepwater pipelines-status, challenges and future trends,'' Fyrileiv, Aamlid, Venaas, and Collberg address some of the challenges in the pipeline design, installation, and operation in the deep and ultradeep waters. The authors note that the main design challenge is related to the high external pressure that can cause collapse of the pipeline. This area is very important because it directly affects the economic status of the oil and gas companies, and any gain will be directly reflected in the company's balance sheet. Furthermore, the pipeline transportation is economical in the long run and offers a long serving solution. More focused research is needed: (1) in developing new solutions to the engineering complexities of designing, installing, and maintaining pipelines under high levels of water pressure and corrosion and (2) into the collapse and buckling of deep sea pipelines and the pipeline production. Also, research efforts need to be intensified toward the design and development of new pipe materials; new pipe manufacturing methods; advanced survey capabilities for ultradeep water; advanced estimation of seismic loading on pipelines; advanced geotechnical and geophysical testing; improved pipeline installation capabilities; better pipeline commissioning; advanced design methods to assess pipe failure modes, for corrosion protection at great depths, to counter seismic loading, to assess the effects of installation and manufacture on pipeline reliability; and advanced repair and maintenance capabilities for ultradeep water application.
We believe that these articles are strong representatives of the important areas in the structural analysis of deep water offshore structures, and we sincerely hope that you will enjoy reading and referring to them. We thank all the authors of the articles and the reviewers for their time and efforts devoted in ensuring the high quality of these final articles. Also, we thank R. Ajit Shenoi, Helen Elmes, Claire Harper, Louisa Morphy, Martin McDonald, and the editorial and publishing staff members at the Journal of Engineering for the Maritime Environment (JEME) for their help and support in making this special issue finally realized and published.
